Background Pulmonary cement embolization after vertebroplasty is a well-known complication but typically presents with minimal respiratory symptoms. Although this rare complication has been reported, the current literature does not address the need for awareness of symptoms of potentially devastating respiratory compromise. Case Description We present the case of a 29-year-old man who underwent T11 vertebroplasty and subsequently had chest pain develop several days later. His right lower lung lobe had infarcted owing to massive cement embolization to his pulmonary arterial circulation. Open pulmonary wedge resection and embolectomy were performed. The patient recovered from the embolectomy but had chronic, persistent respiratory symptoms after surgery.
Introduction
Operative management of vertebral compression fractures has included percutaneous vertebroplasty for the past 25 years. Although pulmonary cement emboli after percutaneous vertebroplasty occur in as many as 26% of patients [53] , most of these patients are asymptomatic and are treated nonoperatively with anticoagulation [19, 24, 31, 37, 39, 50, 57] , although rarely, open cardiovascular surgery is needed to remove large cardiopulmonary emboli [13] . Symptoms of pulmonary cement emboli can occur during the procedure, but more commonly symptoms occur later, sometimes weeks or months after the procedure [1, 9, 13, 22, 33, 35, 48] . Endovascular removal of large cement emboli from the pulmonary arteries is a potentially attractive option, but even that entails some risk, and sometimes open surgery is still needed to achieve complete removal of the cement pieces [2, 7] .
We present the findings from one patient who underwent pulmonary resection resulting from necrosis from cement embolization; to our knowledge, this is the only case report of this sort. In addition, we describe open embolectomy of cement emboli from the pulmonary circulation, which, to our knowledge, has been presented in only three previous cases [14, 33, 51] .
Case Report
A 29-year-old man presented to an outside hospital for vertebroplasty of the T11 vertebral body using polymethylmethacrylate (PMMA) cement. The stated indication for vertebroplasty was for treatment of chronic back pain after a T11 vertebral body fracture sustained in a motorcycle accident 3 years before. The patient had persistent low back pain owing to the T11 vertebral body fracture, and conservative treatment of oral pain medications had failed. At the time of the procedure, the patient was a healthy but inactive 29-yearold man with no respiratory symptoms. The patient tolerated the procedure well and was discharged home in stable condition. On Day 8 after the procedure, he began experiencing progressive right-sided chest pain and was urgently brought to another outside hospital for further evaluation and treatment. He had hypoxia (initial pO 2 of 59) and hypercarbia (initial CO 2 of 31), and a chest CT showed cement tracking to the thoracic segmental vein ( Fig. 1 ) and diffuse bilateral pulmonary cement emboli with a wedge-shaped opacity in the lateral aspect of the right lower lobe consistent with infarction ( Fig. 2) .
Eleven days after the vertebroplasty, he underwent a thoracotomy and wedge resection of a portion of the right lower lobe, which had infarcted as a result of the cement embolism.
Chest CT with intravenous contrast was repeated at our tertiary academic hospital for further evaluation of the bilateral pulmonary cement emboli. The CT scans again showed PMMA in multiple pulmonary arterial branches bilaterally ( Fig. 3) . A three-dimensional reconstruction of the CT clearly shows the multiple branches involved (Fig. 4 ). The patient underwent an embolectomy through a median sternotomy using cardiopulmonary bypass. On the right side, a PMMA embolus straddling the bifurcation of the first upper lobar truncal branch and the descending pulmonary artery was extracted. On the left side, several large PMMA emboli were removed from the upper lobe arterial branches.
During the first 3 postoperative months, he had several episodes of persistent and severe dyspnea that were evaluated at his local regional medical center. He continued to have a chronic and debilitating pulmonary deficit because of his complication and the subsequent procedure, and is being treated at his local regional medical center for the ongoing effects of the pulmonary cement embolism.
Discussion
We present the case of a 29-year-old man who underwent a T11 vertebroplasty and subsequently had a massive cement embolization to his pulmonary arterial circulation that required open pulmonary wedge resection and embolectomy. Operative treatment of vertebral compression fractures has included percutaneous vertebroplasty for the past 25 years. This procedure, which has gained popularity since its original description by Galibert et al. [20] in 1987, is used routinely to reduce pain and prevent additional vertebral body collapse, typically in elderly patients with osteoporosis. Vertebroplasty is not without controversy, however. Studies by Buchbinder et al. [8] and Kallmes et al. [25] showed no improvements in pain or pain-related disability over the control groups. The reported incidences of pulmonary cement embolism after vertebroplasty range from 2.1% to 26% with much of this variation resulting from which radiographic technique is used to detect the embolization [11, 15, 28, 53, 54] . The risk of pulmonary cement embolism exists with vertebroplasty and kyphoplasty, and comparative studies to date have not shown a significant difference in risk between the two techniques [11, 16, 23] . Pulmonary cement embolism occurs through the valveless vertebral venous plexus that provides connections to the primary thoracic venous system [21, 38] . Extruded PMMA rapidly polymerizes, but in rare cases travels from the paravertebral veins to the inferior vena cava, renal veins, the right heart, the brain (paradoxically as a result of a patent foramen ovale), and the pulmonary arterial system [4-6, 9-13, 17, 26, 30, 36-39, 41, 42, 44-47, 50, 57] . Arterial embolization to the aorta and anterior spinal artery also has been described [3, 52, 55] . Abdul-Jalil et al. [1] postulated that PMMA causes a prothrombotic effect and endothelial injury that can result in additional thrombosis of pulmonary vessels. The severity of our patient's complication required an aggressive surgical procedure to remove the emboli, and typically such an invasive procedure is not required.
Some patients who experience pulmonary cement embolism are asymptomatic [34, 35, 43] . A pulmonary cement embolism can present with arrhythmia, hypotension, hypoxia, dry cough, progressive dyspnea, or chest pain [19, 22, 24, 31, 57] . Acute respiratory distress syndrome also can be caused by a pulmonary cement embolism [56] . Symptoms of pulmonary cement embolism can occur during the procedure, but more commonly begin days to weeks, even months, after the vertebroplasty [1, 9, 13, 22, 33, 35, 48] . At least six deaths from cement embolization after vertebroplasty have been reported [10, 17, 36, 38, 49, 56] . Our patient's right-sided chest pain was the initial presenting symptom on postoperative Day 8 from the original percutaneous thoracic vertebroplasty.
Treatment for pulmonary cement embolism is typically close respiratory monitoring, but there have been nine reports [9, 14, 18, 27, 32, 33, 45, 48, 51] of surgery requiring cardiopulmonary bypass to remove cement emboli and only three [27, 32, 48] in which pulmonary arteriotomy was necessary. Several reports of cardiac perforation and tamponade caused by pulmonary cement embolism have been published; these patients required open surgical removal and cardiopulmonary bypass [9, 27, 32, 45, 48] . Dash and Brinster [14] reported the case of a patient who had migration of cement emboli from the right atrium and ventricle into the pulmonary circulation. Surgical exploration revealed no visible emboli in the pulmonary arteries, but a 5cm piece of cement was removed from the cavoatrial junction. Lim et al. [33] reported a case in which a patient presented more than 2 months after vertebroplasty with several cement emboli in the lungs and multiple cement pieces that had pierced the right ventricular wall. The patient underwent open surgery on cardiopulmonary bypass for removal of the cement pieces from the heart wall; the main pulmonary artery also was opened and a small string-like cement embolus was removed. Tozzi et al. [51] discussed the case of a patient who had immediate respiratory distress after vertebroplasty resulting from large cement emboli in the right and left pulmonary arteries. Open embolectomy with cardiopulmonary bypass yielded 9 g of cement from the pulmonary circulation. Francois et al. [18] described a cement embolus removed from the main pulmonary artery via a combination of endovascular and open-heart techniques. The cement was first grasped with an endovascular snare and brought through the right heart to the cavoatrial junction. Because the cement piece was too large to be brought out through the inferior vena cava, an open right atriotomy was performed on cardiopulmonary bypass to remove the captured cement.
Most cases of pulmonary cement embolism with cardiovascular and pulmonary complications are treated nonoperatively with anticoagulation [19, 24, 31, 37, 39, 50, 57] . Krueger et al. [29] proposed a management algorithm that includes observation for peripheral asymptomatic embolisms, anticoagulation therapy for patients with either a symptomatic peripheral embolism or an asymptomatic central embolism, and surgical intervention for symptomatic central embolisms only. Others have advocated removal of cement emboli using endovascular techniques to prevent migration from the inferior vena cava to the lungs or to remove symptomatic pulmonary emboli [2, 4, 5, 7] . Endovascular removal of large cement emboli from the pulmonary arteries is not without risk and sometimes requires open surgery for complete removal of cement pieces [2, 7] .
Suggestions to minimize the risk of pulmonary cement embolisms include prone positioning, maintaining elevated intrathoracic pressures, and the use of blush venography before cement injection [21, 40] . A standard chest radiograph after the procedure also is suggested [1] .
Good technique is critical in percutaneous vertebroplasty, which includes injecting an appropriate amount of cement. An awareness of the potential seriousness of cement embolization should considered by physicians performing vertebroplasty and caution taken to carefully observe for cement extravasation. The patient should be carefully monitored postoperatively for respiratory symptoms, and instructed to immediately notify the performing physician if such symptoms arise. Moreover, the risk of this complication should be clearly stated to patients before the intervention.
